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I .  INTRODUCTION 


It  is  well  known  that  the  performance  of  metal  oxide  on  silicon 
field-effect  transistors  (MOSFETs)  degrades  rapidly  during  exposure  to 
ionizing  radiation,  as  a  result  of  the  sensitivity  of  the  insulating  gate 
oxide  to  radiation. ^  Junction  field-effect  transistors  (JFETs)  are  attractive 
for  those  circuit  applications  where  high  dose  rate  and  total  dose  hardness 
are  required  for  survival,  because  the  controlling  structure  of  these  devices 
is  a  p-n  Junction  and  not  an  insulating  oxide.  In  addition,  silicon-on- 
sapphire  (SOS)  substrates  provide  a  thin  Si  layer  that  minimizes  the  volume  in 
which  high-dose-rate  photogeneration  can  occur.  On  the  other  hand,  SOS 
substrates  have  a  complicated  Si-sapphire  interface  along  which  radiation- 
induced  currents  may  be  generated  as  a  result  of  either  interface  states  or 
trapped  charge.  In  this  study,  the  effects  of  ganma  radiation  on  JFET/SOS 
devices  are  examined,  and  the  JFET,  in  turn,  is  used  to  provide  information 
about  the  Si-sapphire  interface.  This  information  is  acquired  by  an 
examination  of  both  the  changes  in  device  parameters  and  the  changes  in  the 
spectra  of  deep  levels  as  a  result  of  irradiation  and  subsequent  annealing. 
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II.  EXPERIMENTAL  PROCEDURE 
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The  process  development  and  resulting  device  characteristics  for  the  JFET 
used  to  examine  these  radiation  effects  are  presented  elsewhere.^  Briefly, 
both  enhancement-  and  depletion-mode  n-channel  devices  were  fabricated  in  SOS 
wafers  with  a  0.6-ym  epitaxial  Si  layer  on  sapphire.  Dopant  profiles  were 
made  by  ion  implantation.  These  wafers,  purchased  from  Union  Carbide  as  their 
type-A  material,  were  not  further  treated  prior  to  device  processing. 

Radiation-induced  changes  in  drain  current,  threshold  voltage,  and  gate- 
drain  diode  leakage  were  tracked.  Unless  otherwise  noted,  during  irradiation 
and  subsequent  annealing  the  bias  on  the  enhancement-mode  devices  was  as 
follows:  drain/source  voltage  VDg  =  +10  V  and  gate/source  voltage  VGS  =  0.4  V; 
the  bias  on  the  depletion-mode  devices  was  VDG  =  +10  V  and  VGS  =  -1.t>  V.  For 
the  plots  that  follow,  measurements  of  drain  current  were  taken  at  VDG  =  +3.0  V 
and  VQg  =  +0.5  V  for  the  enhancement-mode  devices,  and  at  VDS  =  +3.0  V  and 
VGg  =  0  V  for  the  depletion-mode  devices.  Threshold  voltages  were  taken  as 
the  x-axis  intercept  of  tne  linear  portion  of  a  plot  of  VGS  versus  the  square 
root  of  the  drain/source  current  IDS,  with  VDS  held  constant  at  +2.5  V.  (In 
particular  for  the  enhancement-mode  device,  this  linear  region  becomes  diffi¬ 
cult  to  discern  as  the  device  is  irradiated.  Because  of  this,  the  threshold 
voltages  best  describe  a  trend  rather  than  absolute  values.)  The  gate /drain 
leakage  current  was  measured  where  the  gate/drain  voltage  VGD  =  +5  V,  with  the 
source  floating. 

Total  dose  effects  were  studied  by  means  of  a  Shepherd  ^°Co  irradiator 
capable  of  widely  varying  dose  rates.  The  uose  rate  used  in  these  experi¬ 
ments,  unless  otherwise  noted,  was  200  krad(Si)/hr.  A  Sula  spectrometer  was 
used  to  perform  deep-level  transient  spectroscopy  (DLTS)  and  thus  obtain 
information  on  the  nature  of  the  traps  induced  by  radiation.  Annealing 
studies  were  performed  at  room  temperature  and  at  100°C  with  the  devices  held 
under  bias.  The  devices  under  test  were  irradiated  to  3  Mrad(Si),  and  their 
characteristics  were  measured  as  a  function  of  time. 
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III.  RESULTS  AND  DISCUSSION 


A.  CHANGES  IN  TRANSISTOR  PARAMETERS  WITH  RADIATION 

Typical  results  for  the  enhancement-mode  JFET/SOS  devices  studied  are 
shown  in  Fig.  1.  During  irradiation,  the  drain  was  biased  at  10  V  and  the 
gate  at  O.lj  V,  so  that  the  devices  were  on.  The  drain  current  increased  by 
roughly  a  factor  of  4,  and  the  average  threshold  decreased  from  «  0.3  V  to 
almost  0  V;  this  caused  some  devices  to  operate  in  depletion  mode  (VT  <  0). 
Also  shown  in  this  figure  is  the  large  increase  in  gate-drain  leakage.  These 
changes  are  all  consistent  with  positive  charge  trapping  at  the  Si-sapphire 
interface.  Such  trapping  makes  the  devices  turn  on  more  easily,  allowing 
larger  drain  currents  at  a  given  gate  voltage;  it  also  causes  a  high  back- 
channel  leakage.  These  effects  appeared  to  reach  maximum  around  100  krad(Si) 
to  1  Mrad(Si),  and  even  decreased  at  higher  doses.  Similar  observations  made 
previously  were  attributed  to  positive  charge  trapping. 

As  shown  in  Fig.  2,  corresponding  results  were  obtained  with  depletion¬ 
mode  devices.  Again,  the  source/drain  current  and  gate/drain  leakage  currents 
increased,  and  the  threshold  voltage  decreased  from  about  -0.9  V  to  about 
-1.6  V.  These  devices  were  turned  off  during  the  initial  portion  of  the 
irradiation,  with  VDS  =  +10  V,  and  Vq^  =  -1.5  V.  The  maximum  change  in 
parameters  occurred  at  the  same  total  doses  as  did  the  changes  in  parameters 
of  the  enhancement-mode  devices.  If  this  apparent  saturation  were  due  to 
self -annealing  during  the  irradiation,  the  effects  of  radiation  at  higher  dose 
rates  would  reach  maximum  at  higher  total  doses.  However,  this  does  not  occur 
for  either  enhancement-mode  or  depletion-mode  devices,  as  shown  in  Figs.  3  and 
For  both  types  of  devices  the  maximum  value  of  source/drain  current  occurs 
at  the  same  total  dose,  independent  of  dose  rate.  While  some  variation  in  the 
values  measured  is  observed  with  the  different  dose  rates,  this  variation  is 
not  significantly  different  from  that  observed  among  different  devices  irrad¬ 
iated  at  the  same  dose  rate.  Similar  results  were  obtained  for  the  changes  in 
threshold  voltage  and  gate/drain  leakage  current.  Other  researchers  have 
attributed  this  saturation  at  higher  doses  to  negative  charge  traps  formed  at 
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Ratios  of  Postirradiation  Values  to  Pre-irradiation  Values  for 
Source/Drain  Current  Threshold  Voltage  Vj,  and  Gate/Drain 

Leakage  Currents  of  the  Enhancement-Mode  JFET.  The  changes  in 
IDS  and  VT  correspond  to  the  left  axis,  while  changes  in  the 
leakage  currents  correspond  to  the  right  axis. 
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Ratios  of  Postirradiation  Values  to  Pre-irradiation  Values  for 
Source/Drain  Current  Threshold  Voltage  V^,  and  Gate/Drain 

Leakage  Currents  of  the  Depletion-Mode  JFET.  The  changes  in  I^s 
and  VT  correspond  to  the  left  axis,  while  changes  in  the  leakage 
currents  correspond  to  the  right  axis.  Note  that  the  threshold 
voltage  changes  from  its  pre-irradiation  value  of  about  -0.9  V  to 
a  more  negative  value,  thus  decreasing,  while  the  ratio  of  the 
two  negative  numbers  increases. 


Ratios  of  Postirrad iation  Values  to  Pre-irradiation  Values  for 
ID2  of  the  Enhancement-Mode  Device  Measured  at  Dose  Rates  of  200 
and  465  krad(Si)/hr 
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ti.e  Si/sapphire  interface  or  in  the  sapphire  itself,  which  may  compensate  for 
the  positive  charge  trapping. ^ 

Typical  results  for  the  postanneal  recovery  of  the  drain  current  in  a 
depletion-mode  device  are  shown  in  Fig.  5.  These  devices  anneal  only  slightly 
faster  at  100°C  than  at  room  temperature;  in  either  case,  the  devices  had  not 
fully  recovered  in  over  several  hundred  to  a  thousand  hours.  Interestingly, 
the  effects  of  the  irradiation  can  be  reversed;  that  is,  the  parameters 
reverted  back  to  the  original  values  when  the  devices  were  irradiated  to  10 
krad(Si)  with  0  V  on  the  drain.  This  critical  dependence  on  drain  voltage  was 
observed  previously  with  SOS  MOSFETs.^  As  noted  below,  the  DLTS  spectra 
exhibit  similar  recovery  characteristics  with  annealing. 

Also  monitored  were  the  effects  of  different  bias  conditions  during 
irradiation.  There  was  no  observed  effect  on  the  parameters  when  the  gate 
voltage  was  changed  from  0  to  -2.0  V  for  the  depletion-mode  device.  However, 
a  large  effect  was  seen  as  the  drain  voltage  was  changed,  as  shown  in  Fig.  6. 
As  this  voltage  approaches  zero,  the  radiation-induced  changes  diminish.  As 
illustrated  in  Fig.  6,  at  vDS  =  °  V  there  was  virtually  no  effect  from  the 
irradiation.  These  results  agree  with  earlier  studies  on  both  Si  and  SOS  JFET 
devices. The  strong  dependence  on  drain  voltage  suggests  that  the 
lateral  field  associated  with  this  voltage  increases  the  trapping  of  charge  at 
the  interface  by  separating  the  gamma-induced  electron-hole  pairs,  thereby 
preventing  electron-hole  pairs  from  recombining  and  allowing  the  slower-moving 
holes  to  become  trapped.  This  is  similar  to  the  effect  of  worst-case  bias 
observed  in  irradiated  MOSFETs,  where  a  positive  voltage  on  the  gate  is 
assumed  to  increase  charge  separation  and  thus  increase  charge  trapping  at  the 
oxide-silicon  interface. ^  Studies  of  the  effects  of  radiation  on  JFETs 
fabricated  on  zone-melted  recrystallized  Si-on-oxide  material  (another  type  of 
Si -on- insulator  material)  indicate  that  these  effects  can  be  lessened  by 
biasing  the  back  substrate.^® 

For  our  JFET/SOS  structures,  an  important  issue  is  whether  or  not  the 
passivating  oxide  covering  the  Si  regions  that  lie  between  the  gate,  source, 
and  drain  metallization  regions  is  a  significant  leakage  path.  To  determine 
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Ratios  of  Postirradiation  Values  to  Pre-irradiation  Values  for 
Ids  of  the  Depletion-Mode  Device  Measured  as  a  Function  of 
Annealing  Time  Following  Irradiation  to  a  Total  Dose  of 
3  Mrad(Si)  (Time  Zero).  During  annealing,  the  devices  were  held 
at  either  room  temperature  or  100#C. 
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this,  we  measured  the  gate/drain  leakage  current  after  irradiation  on  some 
"fat"  JFETs,  devices  having  dimensions  4  times  wider  and  70  times  longer  than 
the  standard  devices  under  investigation.  If  the  leakage  were  due  primarily 
to  the  oxide,  one  would  expect  the  leakage  to  increase  by  a  factor  of  4  in  the 
fat  JFETs.  However,  as  shown  by  the  comparison  given  in  Fig.  7  for  the  two 
device  sizes,  the  leakage  current  (both  pre-  and  postirradiation)  appears  to 
scale  by  a  factor  of  about  37.  Thus,  we  conclude  that  the  dominant  leakage 
path  is  due  to  the  back  channel  at  the  Si/sapphire  interface. 

B.  DLTS  MEASUREMENTS 

As  noted  above,  prior  studies  of  JFET/SOS  structures  have  explained  the 
postirradiation  response  of  these  devices  as  being  largely  due  to  the  presence 
of  a  fixed  charge  created  in  the  sapphire  by  the  irradiation. However,  in 
addition  to  measuring  the  effects  of  radiation  on  transistor  characteristics, 
we  also  measured  capacitance  as  a  function  of  temperature  in  conjunction  with 
deep-level  transient  spectroscopy  (DLTS).  The  results  of  these  measurements 
imply  that  there  is  an  important  additional  effect,  one  due  to  the  formation 
of  negatively  charged  interface  states  in  the  Si. 

With  DLTS  it  is  possible  to  study  those  states  that  connunicate  with  the 
conduction  band  of  the  n-type  Si.  This  technique  has  been  described  pre¬ 
viously  in  the  literature.11  A  high-frequency  (1  MHz)  capacitance  meter  in 
the  Sula  spectrometer  is  employed  to  detect  rapid  changes  in  capacitance 
following  the  application  of  a  voltage  pulse  to  a  p-n  Junction  under  dc 
reverse  bias.  The  gate/drain  and  gate/source  Junctions  of  the  JFET/SOS  device 
are  cooled  to  a  temperature  low  enough  so  that  the  thermal  emission  of  car¬ 
riers  from  the  trapping  levels  of  interest  is  negligible.  The  application  of 
a  positive  voltage  pulse  brings  the  reverse-biased  Junction  to  zero  bias, 
momentarily  filling  the  region  from  the  edge  of  the  zero-bias  depletion  layer 
to  the  edge  of  the  depletion  layer  at  the  dc  bias  with  majority  carriers 
(electrons).  The  traps  will  capture  electrons  and  remain  filled  at  the  low 
temperature.  As  the  temperature  is  raised,  thermal  emission  from  the  inter¬ 
face  states  occurs;  the  resulting  change  in  the  charge  state  then  leads  to  a 
capacitance  transient.  Unlike  other  thermally  stimulated  techniques  in  which 
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Gate/Drain  Leakage  Currents  Measured  as  a  Function  of  Radiation 
Dose  Plotted  on  a  Log-Log  Scale  for  the  Standard  Depletion-Mode 
Devices  Used  in  These  Studies:  (1)  a  JFET  having  a  4  x  104  um 
gate  (triangles),  and  (2)  a  "fat"  depletion-mode  JFET  (from  the 
same  wafer  as  the  smaller  device)  having  a  442  *  285  um  gate 
(closed  circles).  The  open  circles  represent  the  leakage 
currents  of  the  fat  JFET  divided  by  a  factor  of  37. 


the  trap-filling  excitation  is  terminated  prior  to  warm  up,  in  DLTS  the 
voltage  pulses  are  applied  continuously  at  some  low  frequency  during  both 
warm-up  and  measurement.  The  capacitance  transient  is  sampled  by  a 
double-gated  correlator  whose  time  gates  are  selected  according  to  the 
temperature  range  and  trap  depth  of  interest. 

Typical  DLTS  spectra  for  an  enhancement-mode  device  (E-JFET)  are  shown  in 
Fig.  8  prior  to  and  following  irradiation.  To  obtain  these  spectra,  we  tied 
the  drain  and  source  together  and  examined  the  Junction  each  formed  with  the 
gate.  The  dc  bias  for  the  DLTS  measurement  is  the  gate  bias,  as  indicated  in 
the  figure.  Weak  bands  are  usually  observed  prior  to  irradiation.  Following 
a  dose  of  100  krad(Si),  a  large  band  centered  near  270  K  is  evident.  As  might 
be  expected  for  an  interface  state,  the  peak  temperature  of  these  trap  bands 
(i.e.,  the  temperature  at  which  the  peak  of  the  trap  band  occurs)  depends  on 
the  applied  bias;  this  bias  affects  the  degree  of  band  bending  at  the 
Si/sapphire  interface  and,  hence,  the  kinetics  of  thermal  emission  between  the 
trap  and  the  conduction  band. 

The  dependence  of  the  location  of  the  peak  of  the  trap  band  on  junction 
bias  is  one  of  several  complicating  factors  which,  taken  together,  preclude 
any  detailed,  quantitative  interpretation  of  the  DLTS  data.  Unlike  a  large- 
area  planar  p-n  junction,  the  Junction  area  in  our  JFET  devices  is  small  and 
difficult  to  define.  While  we  cannot  calculate  trap  concentrations,  we  note 
that  because  of  the  very  small  area,  a  significant  trap-band  intensity  implies 
a  large  trap  concentration.  Also  in  contrast  with  the  case  of  a  planar  junc¬ 
tion,  for  a  JFET  the  depletion-layer  field  lines  between  the  gate  and  either 
the  source  or  drain  are  complex.  In  addition,  it  is  difficult  to  measure 
precisely  the  impact  of  the  Si/sapphire  interface  on  the  depletion  layer. 

This  is  further  complicated  by  the  fact  that  the  sapphire  substrate  is  elec¬ 
trically  floating.  In  spite  of  these  limitations,  gamma  irradiation,  as 
clearly  indicated  in  Fig.  8,  causes  dramatic  changes  in  the  DLTS  spectrum,  and 
the  trends  associated  with  these  changes  reveal  important  information  about 
the  effects  of  radiation  on  the  JFET/SOS  structures  we  studied. 


DLTS  SIGNAL,  ARBITRARY 


7  Mrad  (Si) 


VGS  =  -2V 


100  krad  (Si) 


100K 


200K 


300K 


-5.0  -4.0  -3.0  -2.0  -1.0  0  +1.0  +2.0  +3.0 

TEMPERATURE,  mV 


Fig.  8.  DLTS  Spectra  for  an  Enhancement-Mode  JFET/SOS  Device,  Showing 
Changes  that  Occur  with  Irradiation.  During  the  DLTS  runs, 
Vrc  =  -2  V.  The  rate  window  for  these  measurements  was 


It  is  apparent  from  a  large  number  of  DLTS  spectra  that  the  total  dose 
affects  the  peak  temperature,  as  does  the  applied  gate  bias.  Thus,  the  trap 
band  shown  in  Fig.  8  after  a  dose  of  7  Mrad(Si)  is  believed  to  be  the  same 
band  as  that  shown  for  a  dose  of  100  krad(Si),  even  though  the  peak  temper¬ 
atures  for  the  two  doses  are  different.  Varying  the  dose  or  the  bias  in  small 
increments  causes  the  location  of  these  bands  to  change  continuously.  An 
important  feature  shown  in  Fig.  8  is  that  the  trap-band  concentration,  as 
approximately  revealed  by  the  peak  height,  decreases  with  increasing  dose 
above  about  200  krad(Si);  this  correlates  with  the  decreases  in  changes  in 
transistor  characteristics  shown  in  Figs.  1  and  3. 

Several  different  bias  conditions  were  imposed  during  irradiation  in 
ordci  to  determine  the  effect  of  such  variations  on  the  DLTS  spectrum.  In  one 
experiment  the  gate/drain  and  gate/source  junctions  were  examined  individually 
following  irradiation  under  different  bias  conditions.  The  results  demon¬ 
strate  that  reversing  the  direction  of  the  source/drain  bias  during  irradia¬ 
tion  has  no  effect  on  the  growth  of  interface  states  at  either  Junction.  In 
other  words,  DLTS  measurements  on  both  junctions  give  the  same  results  whether 
VQS  is  +10  V  or  -10  V.  Apparently  the  lateral  direction  of  the  fringing 
electric  field  in  the  sapphire  does  not  affect  the  rate  of  growth  of  the 
interface  state. 

As  indicated  earlier,  however,  the  presence  of  a  source/drain  bias  is 
essential  for  the  observation  of  significant  radiation-induced  changes  (see 
Fig.  6).  Figure  9  shows  that  the  changes  in  the  DLTS  spectra  for  an  E-JFET 
irradiated  to  7  Mrad(Si)  are  similar  to  changes  in  the  transistor  parameters 
with  respect  to  bias  conditions  during  irradiation.  Note  that  when  VpS  was 
zero  there  was  essentially  no  trap-band  growth  independent  of  the  value  of  the 
gate  voltage,  and  that  the  growth  in  the  presence  of  a  significant  VDg  was 
also  independent  of  gate  bias.  After  irradiation  at  any  of  these  biases,  the 
pre-irradiation  DLTS  spectra,  like  the  original  transistor  parameters,  can  be 
recovered  by  irradiating  the  device  to  10  krad(Si)  with  the  drain  biased  at 
0  V.  Postirradiation  annealing  under  bias  at  the  temperatures  and  times  shown 
in  Fig.  5  did  not  fully  recover  the  pre-irradiation  DLTS  signals. 
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Fig.  9.  DLTS  Signals  for  an  Enhancement-Mode  JFET,  Showing  the  Effect  of 
Bias  During  Irradiation  to  7  Mrad(Si).  DLTS  spectra  were  taken 
with  Vqo  =  -2  V,  with  a  rate  window  of  128  sec".  The  pre¬ 
irradiation  spectrum  was  approximately  the  same  as  that  for 
VDS  =  0  (dashed  curves). 
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Typical  capacitance-temperature  (C-T)  data  are  shown  in  Fig.  10  for  an 
E-JFET  prior  to  and  following  irradiation  to  100  krad(Si).  Several  pre¬ 
irradiation  measurements  of  this  type  on  both  E-JFETS  and  depletion-mode 
devices  (D-JFETS)  demonstrated  that  when  the  channel  is  open,  the  capacitance 
is  approximately  twice  that  when  the  channel  is  pinched  off.  For  D-JFETs  the 
capacitance  prior  to  irradiation  at  zero  bias  will  be  large  and  relatively 
constant  over  the  entire  temperature  range  shown  in  Fig.  10.  Thus,  the  onset 
of  an  increase  in  capacitance  corresponds  approximately  to  the  onset  of 
current  flow  in  the  channel.  One  should  expect  this  to  be  the  case,  since  a 
shrinkage  in  the  depletion  layer  sufficient  to  open  the  channel  significantly 
should  also  lead  to  an  increase  in  capacitance.  As  shown  in  Fig.  10,  prior  to 
irradiation  the  channel  is  closed  below  room  temperature  for  zero  and  negative 
bias,  as  one  would  expect  for  an  E-JFET.  However,  after  irradiation,  steps 
are  observed  in  the  C-T  curves  at  various  temperatures,  depending  on  the 
bias.  These  data  agree  with  the  irradiation-induced  decrease  in  threshold 
voltage  shown  in  earlier  figures.  These  measurements  also  provide  additional 
evidence  for  irradiation-produced  interface  states,  since  trapped  charge  in 
the  sapphire  should  not  show  any  temperature  dependence.  The  interface 
states,  however,  will  undergo  a  change  in  charge  state  as  they  depopulate  with 
temperature,  which  in  turn  will  lead  to  a  corresponding  change  in  capacitance. 

The  correspondence  between  DLTS  bands  due  to  interface  states  and  the 
steps  in  the  C-T  data  is  shown  more  clearly  in  Fig.  11  for  an  E-JFET  irradi¬ 
ated  to  100  krad(Si);  note  that  the  thermal  emission  from  the  interface  states 
is  maximum  at  the  temperature  corresponding  approximately  to  the  step, 
beginning  at  approximately  270  K,  in  the  C-T  curve.  (The  peak  temperatures  of 
the  DLTS  curves  are  of  course  dependent  on  the  timing  parameters  with  which 
they  are  measured.  However,  measurements  taken  with  rate  windows  varying  from 
128  sec-1  to  1.28  *  103  sec-^  give  resulting  peak  locations  in  the  range  of 
297  to  266  K.  This  temperature  range  falls  well  within  the  rising  region  of 
the  C-T  curves.  Also,  the  C-T  step  and  the  DLTS  band  vary  together  when  the 
gate  bias  is  changed.)  In  addition,  the  source/drain  current  at  VDS  =  3,0  V 
as  a  function  of  temperature  is  shown  for  this  device.  The  onset  of  this 
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Fig.  10.  Capacitance  as  a  Function  of  Temperature  for  an  Enhancement-Mode 
JFET  Prior  to  and  Following  Irradiation  to  a  Dose  of 
100  krad(Si) 
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current  occurs  at  about  the  same  temperature  as  the  capacitance  step  and  the 
peak  of  the  trap  band.  This  implies  that  the  alteration  in  charge  which 
results  from  emission  from  the  interface  states  causes  an  increase  in  the 
capacitance  of  the  channel;  the  resulting  shrinkage  of  the  depletion  layer,  in 
turn,  allows  current  to  begin  to  flow.  In  other  words,  the  emission  from 
interface  states  plays  some  role  in  lowering  the  threshold  voltage  of  the 
device . 


IV.  CONCLUSION 


Contrary  to  previous  explanations  of  radiation-induced  changes  in  device 
parameters,  the  results  of  our  experiments,  which  combine  measurements  of 
transistor  parameters  with  DLTS  measurements ,  reveal  the  properties  expected 
for  both  trapped-hole  charge  and  interface-state  growth.  The  degradation  of 
transistor  parameters  with  irradiation,  and  the  dependence  of  this  degradation 
on  the  presence  of  a  source/drain  bias,  have  been  observed  previously  and 
attributed  to  the  trapping  of  holes  in  the  sapphire  near  the  Si/sapphire 
interface. ^"5  The  presence  of  a  fringing  field  caused  by  allows  the  hole 
trapping  to  occur  by  separating  holes  from  electrons.  In  addition,  the 
recovery  of  transistor  parameters  to  their  pre-irradiation  values  after  a 
device  is  further  irradiated  with  its  drain  at  zero  bias  also  points  to  the 
presence  of  a  trapped  charge  that  is  neutralized  by  a  flood  of  electrons.  On 
the  other  hand,  because  of  the  lack  of  conmunication  with  the  Si  conduction 
band,  one  would  not  expect  the  trapped-hole  charge  in  the  sapphire  to  manifest 
itself  as  a  DLTS  band.  Moreover,  the  temperature-dependent  steps  in  the  C-T 
data,  which  we  attribute  to  the  emission  of  electrons  from  interface  states, 
cannot  be  accounted  for  by  trapped  holes  in  the  sapphire.  The  fact  that  the 
postirradiation  DLTS  band  also  diminishes  to  its  pre-irradiation  value  when 
further  irradiated  with  the  drain  biased  at  0  V  indicates  that  the  detection 
of  electron  traps  depends  on  the  presence  of  trapped  holes  at  the  interface. 
This  may  be  due  to  a  local  field  created  by  this  trapped  charge.  As  a 
speculative  conclusion,  we  suggest  that  the  trapping  of  holes  in  the  sapphire 
is  accompanied  by  the  formation  of  negatively  charged  states  in  the  Si  band 
gap,  and  that  these  two  processes  are  strongly  interrelated  in  the  case  of 
these  JFET/SOS  structures. 
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LABORATORY  OPERATIONS 

The  Aerospace  Corporation  functions  as  an  "architect-engineer "  for 
national  security  projects,  specializing  in  advanced  military  space  systems. 
Providing  research  support,  the  corporation's  Laboratory  Operations  conducts 
experimental  and  theoretical  investigations  that  focus  on  the  application  of 
scientific  and  technical  advances  to  such  systems.  Vital  to  the  success  of 
these  investigations  is  the  technical  staff’s  wide-ranging  expertise  and  its 
ability  to  stay  current  with  new  developments.  This  expertise  is  enhanced  by 
a  research  program  aimed  at  dealing  with  the  many  problems  associated  with 
rapidly  evolving  space  systems.  Contributing  their  capabilities  to  the 
research  effort  are  these  individual  laboratories: 

Aerophysics  Laboratory:  Launch  vehicle  and  reentry  fluid  mechanics,  heat 
transfer  and  flight  dynamics;  chemical  and  electric  propulsion,  propellant 
chemistry,  chemical  dynamics,  environmental  chemistry,  trace  detection; 
spacecraft  structural  mechanics,  contamination,  thermal  and  structural 
control;  high  temperature  thermomechanics ,  gas  kinetics  and  radiation;  cw  and 
pulsed  chemical  and  exciraer  laser  development  including  chemical  kinetics, 
spectroscopy,  optical  resonators,  beam  control,  atmospheric  propagation,  laser 
effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory:  Atmospheric  chemical  reactions, 
atmospheric  optics,  light  scattering,  state-specific  chemical  reactions  and 
radiative  signatures  of  missile  plumes,  sensor  out-of -f ield-of -view  rejection, 
applied  laser  spectroscopy,  laser  chemistry,  laser  optoelectronics,  solar  cell 
physics,  battery  electrochemistry,  space  vacuum  and  radiation  effects  on 
materials,  lubrication  and  surface  phenomena,  thermionic  emission,  photo¬ 
sensitive  materials  and  detectors,  atomic  frequency  standards,  and 
environmental  chemistry. 

Computer  Science  Laboratory:  Program  verification,  program  translation, 
performance-sensitive  system  design,  distributed  architectures  for  spaceborne 
computers,  fault-tolerant  computer  systems,  artificial  intelligence,  micro¬ 
electronics  applications,  communication  protocols,  and  computer  security. 

Electronics  Research  Laboratory:  Microelectronics,  solid-state  device 
physics,  compound  semiconductors,  radiation  hardening;  electro-optics,  quantum 
electronics,  solid-state  lasers,  optical  propagation  and  communications; 
microwave  semiconductor  devices,  raicrowave/rai l 1 imeter  wave  measurements, 
diagnostics  and  radioraetry,  microwave/millimeter  wave  thermionic  devices; 
atomic  time  and  frequency  standards;  antennas,  rf  systems,  electromagnet ic 
propagation  phenomena,  space  communication  systems. 

Materials  Sciences  Laboratory:  Development  of  new  materials:  metals, 
alloys,  ceramics,  polymers  and  their  composites,  and  new  forms  of  carbon;  non¬ 
destructive  evaluation,  component  failure  analysis  and  reliability;  fracture 
mechanics  and  stress  corrosion;  analysis  and  evaluation  of  materials  at 
cryogenic  and  elevated  temperatures  as  well  as  in  space  and  enemy-induced 
environments. 

Space  Sciences  Laboratory:  Magnetospheric ,  auroral  and  cosmic  ray 
physics,  wave-particle  Interactions,  magnetospheric  plasma  waves;  atmospheric 
and  ionospheric  physics,  density  and  composition  of  the  upper  atmosphere, 
remote  sensing  using  atmospheric  radiation;  solar  physics,  infrared  astronomy, 
infrared  signature  analysis;  effects  of  solar  activity,  magnetic  storms  and 
nuclear  explosions  on  the  earth's  atmosphere,  ionosphere  and  magnetosphere; 
effects  of  electromagnetic  and  particulate  radiations  on  space  systems;  space 
instrumentation. 
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